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Radiation-induced heart disease is a well described en-
tity. Previous reports have concentrated on the effects
of radiation on the pericardium and myocardium caus-
ing pericarditis and myocardial fibrosis. In the last decade,
some investigators have described valvular thickening,
Since 1897 when Seguy et al. (I ) publi shed the first clinical
report on the effects of radiation on the heart , the con se-
quences of med iastinal irradiat ion have been well described
including radiat ion-induced pericard itis , pericardial effusion
(2- 9), myocardial fibrosis (10- 14) and myocardi al infarc-
tion (15- 18). However . valvular lesions induced by radia-
tion have recei ved relat ively less attention .
A few reports in the last decade have described the oc-
currence of endocardial and valvular fibrosis secondary to
radiation (19-23). To our knowledge . there have been no
reports of stenotic valvular lesions of hemodynamic signif-
icance secondary to radiation . We report on radiation-
induced valvular stenosis in two patients who developed
aortic stenosis along with other valvular dysfunction after
media stinal irradiation .
Case Reports
Case 1
A 31 year old woman who had received extens ive local
irradi ation at I year of age for treatment of a hemangioma
of the left shoulder was referred in 1974, at age 24, to the
Tex as Heart Institute for evaluat ion of suspected constrictive
per icard itis. She had no past history of rheumatic fever or
cardiac murmur. Physical examination revealed radiation-
induced dermatitis with pigmentation , thinning of the skin
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fibrosis and regurgitation. This report presents experi-
ence with two patients with aortic valvular stenosis of
hemodynamic significance, possibly caused by medias-
tinal radiation.
and telangiectasia over the sternum. as well as a markedl y,
underdeveloped left hemithorax and arm . The blood pres-
sure was 114/68 mm Hg with no arterial paradox; the heart
rate was 100 beat s/min and regular. The jugular venous
pressure was ele vated with absent Kussmaul' s sign. Card iac
exa mination reve aled normal first and second heart sounds
and an earl y diastolic filling sound consistent in frequ ency
and timing with a pericardial knock . There was a grade 2/6
holosystolic murmur over the apex with radiation to the
axilla , and a faint earl y diastoli c murmur at the left sterna l
border. The liver was enlarged and there was moderate pedal
edema. The electrocardiogram showed sinus tachycardia ,
right atr ial enlargement and nonspecific ST-T wave changes.
The che st roentgenogram indicated slight cardiomegaly and
prominent pulmonary vascul ar markings. Hemodynamic
values obtained durin g cardiac catheterization are presented
in Table I. Left ventriculography revealed normal volume
and wall motion and moderate mitral regurgitation. Medi cal
therapy was intensified.
The patient was hospitaliz ed again in January /98/ be-
cause of severe congestive heart fai lure. The cardiac ex-
amination revealed an acce ntuated pulm onary component
of the seco nd heart sound . a grade 3/6 systolic regurgitation
murmur at the apex, a grade 2/6 dec resce ndo diasto lic mur-
mur at the left sternal border and a grade 2/6 sys tolic ejection
murmur at the base . A chest roentgenogram showed cardiac
enlargement, a prom inent left atrium and incre ased pul-
monary vascular mark ings. The M-mode echocardiogram
revealed fluttering of the anterior leaflet of the mitral valve,
a " thickened pericardium " and a small pericardial effu sion .
Cardiac catheterization data were consistent with con stric-
tive pericarditis and new aortic stenosis (Ta ble I). The left
ventriculogram revealed moderat e mitral regurgitation .
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Values 10 parentheses indicate mean pressures, a = A wave. v = V
wave.
Case 2
A 59 year old man was referred to the Texas Heart In-
stitute in 1981 because of progressive shortness of breath
and pedal edema of 2 years' duration. He also had ex-
perienced one episode of syncope. In 1970, he received
large doses of mediastinal radiation for treatment of Hodg-
kin's disease. An evaluation IY2 years before admission
indicated aortic valve disease. The patient had no history
of rheumatic fever or heart murmur before radiation treat-
ment. A biopsy confirmed cirrhosis of the liver, which had
been diagnosed in 1980.
Physical examination revealed a blood pressure of 100/
75 mm Hg, a heart rate of 90 beats/min; jugular venous
pressure was elevated with prominent Y collapse and pos-
Pressures
(mm Hg)
Right atrium a = 3, v = 11(7) a = 38, v = 30(20)
Right 38/0- 13 52/24
ventncle
Pulmonary 38/12(21) 54/25(34)
artery
Pulmonary a = 20, v = 35(15) a = 29. v = 40(25)
capillary
wedge
Left 125/22- 32 133/24
ventncle
Aorta 125175(98) 100170(86)
Cardiac mdex 2,01 2 43
(liters/min per
m2)
Left ventricular 0.77 072
ejection fraction
Moderate aortic regurgitation was confirmed by aortic root
angiography.
Because ofthe patient' s deteriorating condition, pericar-
diectomy was recommended. After thoracotomy was per-
formed , a significant amount of pericardial fluid within the
pericardial cavity was noted. There were no apparent adhe-
sions of the pericardium with the exceptionof some fi brotic
reaction at the junction of superior vena cava and inferior
vena cava with the right atrium and the area of inflow of
the pulmonary veins. A partial pericardiectomy was done
without any significant changes in arterial or central venous
pressure. The resected pericardium showed fi brous thick-
ening. The cardiac status of the patient did not improve and
she died at home I I months after operation. Results of
postmortem examination are given later.
Pressure (rnrn Hg)
a = 23. \' = 24(20)
49/20
49 /24(26)
l/ = 23 . r = 24(20)
172/8 - 12
II = 98 /53(72)
Site
a = A wave. v = V wave
Right atrium
Right ventricle
Pulmonary artery
Pulmonary capillary wedge
Left ventnclc
Aorta
Postmortem Findings
The pathomorphologic find ings of the two patients were
similar (Table 3). Fibrous thickening of the epicardium and
pericardium was evident, resulting in fib rotic adhesions of
both layers (Fig. I). Only minimal to mild focal involvement
of myocardium by interstitial fibrosis was present without
Table 2. Case 2. Cardiac Catheterization Data
rnve Kussmaul' s sign. The cardiac examination revealed
lateral displacement of the point of maximal impulse, nor-
mal SI> soft S2 and an S3 and S4' There was a grade 3/6
systolic ejection murmur at the base with radiation to the
carotid arteries and a grade 2/6 decrescendo early diastolic
murmur at the left sternal border. Over the apex, a grade
2/6 holosystolic regurgitant murmur was heard. The lungs
were clear. Hepatomegaly was observed. There was 2-3 +
pedal edema.
The electrocardiogram revealed sinus rhythm, first de-
gree atrioventricular block, left axis deviation, low voltage
and nonspecific ST-T wave changes. Chest roentgenogram
showed normal heart size and evidence of bilateral pul-
monary interstitial fibrotic changes, which had been docu-
mented on a previous roentgenogram. An M-mode echo-
cardiogram revealed multiple echoes from the aortic root,
left atrial enlargement and pericardial effusion. Two-di-
mensional echocardiography demonstrated thickening of the
mitral valve and thickening and doming of the aortic valve
in addition to left atrial enlargement and pericardialeffusion.
Hemodynamic data obtained on cardiac catheterization
are shown in Table 2. An 18 mm paradoxical pulse was
observed. Kussmaul' s sign was positive; the right atrial
pressure increased 12 mm Hg with inspiration. The cardiac
index was 2.0 liters/min per 012 . The mean aortic gradient
was 66 mm Hg, and the aortic valve area was 0.40 cm,
calculated by Gorlin's formula.
Left ventricular angiography demonstrated significant
(2+) mitral regurgitation . The hemodynamic data were
consistent with constrictive pericarditis, severe aortic ste-
nosis and moderate mitral regurgitation. The aortic valve
was replaced, along with concomitant pericardiectomy and
mitral valve anuloplasty. The patient could not be weaned
from cardiopulmonary bypass and died in the operating room.
The results of postmortem examination follow.
19811974
Table 1. Case I. Cardiac Catheterization Data
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Figure 1. Photomicrographs showing pericardial
fibrous thickening with adhesions of theepicardium
(arrow). andpericardium (arrowhead). Left. Case
I. Right, Case 2.
Table 3. Pathomorphologic Findings in Two Patients With
Radiation-Induced Valvular Dysfunction
Case 1* Case 2t
Pericardial fibrosis + + + + +
Epicardial fibrosis + + + + + to + + +
Myocardial mterstitial fibrosis ± +
Endocardial (mural fibrosis)
Right atnum + +
Right ventricle
Inflow tract
Outflow tract + +
Left atrium + + + +, + + +
Ca + + +
Left ventricle
Inflow tract + + +
Outflow tract + + + +
Mitral valve fibrosis + + + +
Aortic valve fibrosis + + + + +, Ca +
* 30 year penod between initial irradranon and postmortem findings.
til year period between initial irradiation and postmortem findings.
Ca = calcificatIon; - = none, + = very; + + = mild; + + +
= moderate; + + + + = severe.
predilection to either the right or left ventricle (Fig. 2). The
mural endocardium of the right atrium and outflow tract of
the right ventricles in both cases were markedly fibrotic.
The most extensive mural endocardial fibrosis combined
with rather heavy calcification was present in the wall of
the left atrium in Case I (Fig. 3). The mitral valves of both
patients showed fibrous thickening (Fig. 2 and 3), and the
aortic valve in Case 2 exhibited calcification as well (Fig.
4). Changes in the aortic valve resulted in stiffness and
shrinkage and a restricted orifice. The valves of the cavities
of the right side of the heart showed only minimal changes.
There was a mild fibrosis of the tricuspid valve in Case I,
and no detectable changes in Case 2. The pulmonary valves
showed mild fibrosis in Case 2 and minimal fibrosis in Case
I. The left anterior descending and left circumflex coronary
arteries in Case 2 showed mild focal arteriosclerotic plaques.
Minimal focal fibrous plaques of the right coronary artery
were observed in Case I.
Discussion
Pericardial and myocardial involvement. Radiation-
induced cardiac disease produces a wide spectrum of ab-
normalities (Table 4). According to clinical and postmortem
studies, the pericardium is the tissue most commonly af-
fected. Pericardialeffusion is reported more frequently. This
may progress to tamponade or chronic constrictive pericar-
ditis. Early recognition of the problem and beneficial effects
of pericardiectomy were well described by Morton et al.
(7) in 1973. Myocardial necrosis and hyalinization second-
ary to radiation was first described by Davis (24) in 1924.
Several reports of myocardial fibrosis soon followed. In
some patients, the right ventricle was involved more se-
verely than the left, probably because of its anterior location.
In our cases, myocardial fibrosis showed no predilection
for a particular ventricle. There have been a few reports
(25-27) of complete heart block after radiation therapy.
Only first degree heart block was seen in the electrocardio-
gram of Patient 2 in our study.
Coronary artery involvement. Several investigators
observed the effect of radiation on epicardial coronary ar-
teries and found evidence of intimal proliferation consisting
mainly of fibrous tissue with little lipid deposition. Myo-
cardial infarction after radiation exposure in young patients
has been reported. Those patients had no risk factors for
coronary artery disease. In our study, the coronary arteries
were normal.
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Figure 2. Case I, Left heart cavities. Photograph
on left shows fibrocalcific thickening of the left
atrium (with corresponding photomicrograph in
center); fibrous thickening of mitral valve (corre-
sponding photomicrograph on the right); and en-
docardial thickening of the left ventricle,
Endocardial and valvular involvement. The effects of
radiation on the endocardium and valves have received less
attention. In 1968, Fajardo et al. (12) described radiation-
induced endocardial changes consisting of focal fibrous
thickening and an increase in elastic fibers in 12 of 16
patients. They described pathologic findings that resembled
those of congenital fibroelastosis. No valvular lesions were
mentioned. Two years later while doing experimental work
in rabbits, Fajardo and Stewart (II) found that a few rabbits
that received radiation doses in excess of 4,000 rads de-
veloped focal plaque-like thickening of the ventricular en-
docardium. In that study, the transient acute radiation pan-
carditis occurred between 5 and 48 hours after exposure to
radiation; however, during the late phase lasting up to 70
days, no significant valvular or endocardial lesions were
present. They postulated that the blood vessels might act as
mediators of radiation injury and that because valves lack
capillaries, they were not affected. However, Ross (21)
found that vascular changes did not precede hyalinization
of the myocardium. Direct transformation of smooth muscle
into hyalinized connective tissue also was described in ir-
radiated human intestine (10). Thus, there is no evidence
that vascular changes act as a mediator of radiation-induced
injury; the valves can be affected by radiation despite the
absence of capillaries.
In 1967, Stewart et al. (22) reported on a 20 year old
man who developed mitral regurgitation and left bundle
branch block 8 years after exposure to 4,700 rads to the left
Figure 3. Case 2. Left side of the heart. Photo-
graph on the left shows fibrous thickening of left
atrial endocardium. mitral valve and endocardium
of left ventricle. Photomicrographs show endocar-
dial fibrosis (arrowhead) and only minimal focal
myocardial interstitial fibrosis (arrowhead, center)
and fibrous thickemng of the mitral valve (right).
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Table 4. Spectrum of Radiation-Induced Cardiac Disease
I. Acute pericarditis
Early (during the cour se of irradiation)
Delayed
II. Chronic pericarditis
Pericardial effusion
Constricnve pericarditis
III. Myocardial involvement
Myocardial fibrosis
Myocardial necrosis secondary to radiation-induced coronary
disease
IV. Endocardial fibrosis
V Valvular dysfunction secondary to fibros is and thickening
VI. Vascular: accelerated atherosc lerosis with subintimal fibrosis of
coronary artery and other vessels (aortic arch vessels, renal , Iliac ,
intestinal, etc .)
VII. Conduct ion disturbance s
thorax for a malignant round cell tumor of the rib. It was
presumed that myocardial fibrosis caused the left bundle
branch block and papillary muscle dysfunction leading to
mitral regurgitation. In the same year, Steinberg (20) de-
scribed a case of mild aortic and mitral insufficiency with
normalcoronary arteries, with the murmurs developingafter
irradiation. Two years later, Haas (19) described a 54 year
old woman who developed symptomatic constrictive peri-
carditis 45 years after radiation therapy to the mediastinum.
The patient also had a grade 3/6 systolic murmur over the
apex and a poorly documented history of rheumatic fever
before irradiation.
In 1973 , Morton et al. (7) reported on two patients who
developed aortic regurgitation after irradiation. Valvular
thickening was noted at postmortem examination in four
other patients, but none had clinical evidence of valvular
dysfunction. In our study, both patients developed aortic
stenosis of hemodynamic significance after radiation ther-
apy, and thickening of the aortic valve was noted at the
postmortem study (Fig. 4). To our knowledge, radiation-
induced aortic stenosis of hemodynamic significance has
not been reported previously. However, postmortem find-
ings in 8 (65 %) of 13 patients studied by Brosius et al. (23)
showed fibrous thickening of the aortic valve. Five to 144
months before their death, these patients (15 to 33 years
old) had received 3,500 rads to the heart. The thickening
was relatively mild and did not cause valvular dysfunction.
The investigators postulated that had these patients lived
longer, valvular dysfunction would have been the ultimate
consequence. Our patients also had moderate mitral, as well
as aortic, insufficiency. The tricuspid and pulmonary valves
showed minimal to mild fibrosis with no hemodynamic sig-
nificance. This interesting observation that the fibrotic changes
involved the valves on the left, more so than on the right
side, had been noted in a previous report (23) . It may be
related to the direction of the X-ray beam or to the suscep-
tibility of different valve tissues. Valves injured by prior
irradiation may become more prone to trauma in the high
pressure systemic ventricle, which may serve to explain the
more frequent fibrosis of the mitral and aortic valves com-
pared with the tricuspid and pulmonary valves.
Conclusions. A few previous studies have pointed out
the possible relation between valvular insufficiency (mitral
and aortic) and radiation, but we found no publishedreports
of radiation-induced valvular stenosis. The data from our
two patients suggest that mediastinal radiation may result
notonly in myocardial and pericardial involvement. but also
in permanent valvular fibrosis which, in some cases, may
be severe enough to cause significant hemodynamic abnor-
malities. Similar valvular dysfunction can occur secondary
Figure 4. Case 2. Resectedaortic valve (left) . Note
diffuse thickening of the leaflets. Photomicrograph
(r ight) shows fibrosis and calcifications.
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to rheumatic fever or infective endocarditis, either of which
might have gone undetected. However, the absence of a
history of rheumatic fever, the frequent medical follow-up
of these two patients because of their primary disease and
the new appearance of a 35 mm Hg pressure gradient across
the aortic valve (Case I) 7 years after her fi rst cardiac cath-
eterization led us to believe that aortic stenosis along with
associated valvular dysfunction was secondary to radiation.
This was supported by the postmortem find ings of valvular
thickening and fibrosis and the clinical and pathologic evi-
dence of radiation injury to the pericardium, endocardium
and myocardium. Idiopathic aortic stenosis is not a rare
occurrence in the sixth decade; although we can not exclude
this possibility in our second case, the presence of coexisting
mitral valve fibrosis led us to consider thatdiagnosis unlikely.
Why some patients who undergo mediastinal radiation
have no valvular injury and others demonstrate a spectrum
from minimal to significant fibrosis is not fully understood.
However, some factors, such as the dose of radiation and
the individual tissue susceptibility or tolerance to radiation
may playa role (8,16). Furthermore, the length of time a
patient is alive after exposure to radiation may be significant
(II) . At an early stage, only valvular fibrosis is found with-
out hemodynamic changes; as the valvular fibrosis pro-
gresses with time, valvular stenosis develops.
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